This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SHOES 

• FADED TEXT 

• ILLEGffiLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



V 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

C12N 15/62, C07K 15/04, A61K 39/295, 
39/04 



Al 



(11) International Publication Number: WO 94/29459 

(43) International Publication Date: 22 December 1994 (22.12.94) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US94/06362 
6 June 1994 (06.06.94) 



(30) Priority Data: 
08/073381 



4 June 1993 (04.06.93) 



US 



(71) Appficant: WHITEHEAD INSTITUTE FOR BIOMEDICAL 

RESEARCH [US/US]; Nine Cambridge Center, Cambridge; 
MA 02142 (US). 

(72) Inventor: YOUNG, Richard, A; 5 Sawmill Brook Road, 

Winchester, MA 01890 (US). 

(74) Agents: GRANAHAN, Patricia et al; Hamilton, Brook, Smith 
& Reynolds, Two Militia Drive, Lexington, MA 02173 
(US). 



(81) Designated States: CA, JP, European patent (AT, BE CH, DE, 
DK, ES, FR, GB, GR.IB, rr, LU, MC, NL, PT, SB). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



St. 



(54) Title: STRESS PROTEINS AND USES THEREFOR 
(57)Abstwct 

Hie present invention relates to stress proteins and methods of modulating an individual's immune response. In particular, it relates 
to the use of such stress proteins in immune therapy and prophylaxis, which results in an induction or e nhancemen t of an individual's 
immune response and as an immraotherapeutic agent which results in a decrease of an individual's ramose response to his or her own 
cells. The present invention also relates to compositions comprising a stress protein joined to another component, such as a fusion protein 
in which a stress protein is fused to an antigen. 



\ 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT oo the front pages of pamphlets publishing intexnatiooal 
applications under the PCT. 



AT. 


Anuria 


- GB 


United Kn&om 


" MR 


Mauritania 


AU 


Australia 


GB 


Georgia 


MW 


Malawi 


18 




GN 


Guinea 


NK 


Niger 


BE 


Bclgitan 


GB 


Greece 


NL 


Nemeriaods 


IF 




a> 


Hungary 


NO 


Norway 


SG 




OS 


Ireland 


NZ 


New Zealand 


BJ 


Beads 


rr 


bar? 


PL 


Poland 


BR 


Brazil 


jr 


'ftpan 


rr 


Portugal 
Rooaaoia 


BY 


Bdm 


K£ 


Kenya- 


BO 


CA 


Canada 


KG 


Kyrgyelan 


RC 




CT 


CaXni Atocm Retxftttc 




Democratic People* t Republic 


so 


Sudan 


CG 


Coogo 




of Korea 


SB 


Sweden 


CH 


Switzerland 


KB 


Repobfic of Korea 
Kazakhstan 


SI 


Slovenia 


a 


CAtr d*Ivok© 


KZ 


SK 


Slovakia 


CM 


Cameroon 


U 




SN 


Senegal 


CN 


China 


LK 


Srt Lanka 


TO 


Oud 


cs 


Cxcc^oetovekinY 


to 




TG 


Togo 


cz 


Ci«t Republic 


LV 


Latvia 


TJ 


Tafldatan 


DE 


Germany . 


MC 


Monaco 


TT 


TrttaVtart and Tobago 


OK 


Demnaxk 


MP 


Repobflc of Moldova 


DA 


Ukraine 


ES 


Spam 


MG 


Madafanear 


US 


United State* of America 


n 


Roland 


ML 


Man 


OZ 


Uzbektaan 


FR 


Prince 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/29459 



PCT/US94/0d3d2 



STRESS PROTEINS AND USES THEREFOR . 

Description 

Background of the Invention 

Although the function of stress proteins is not 
5 entirely clear, it appears that some participate in 

assembly and structural stabilization "of certain cellular 
and viral proteins, and their presence "at high - 
concentrations may have : an additional stabilizing effect 
during exposure to adverse conditions. Neidhardt,* F.C. 

10 and R.A. Van Bogelen, In r Escherichia coli and Salmonella 
tvphimurium ,- -Cellular and Molecular Biology, (eds . 
Neidhardt, F.C., Ingraham> J.L., Low, K.B., Magasanik, B. 
Schaechter, M. "and Umbarger, H.E. (Am. Soc. Microbiol., 
Washington, D.C.); pp. 1334-1345 (1987) ; Pelham, H.R.B. 

15 Cell ,- 46:959-961 (1986) ; Takano, T. and T. Kakefuda, 
NatureV 239:34-S7 (1972); Georgopoulos, C. et al., £gw 
Bioloov . 239 :38-41 (1972) . Phagocytic host cells produce 
a hostile environment of foreign organisms, and the 
ability to produce stress proteins has been implicated in 

20 the survival of bacterial pathogens within macrophages 
Christman, M.F. et al. . Cell, 41:753-762 (1985). 

— Mycobacte rium (M.) tuberculosis and Mycobacterium 
(M. V leprae are the etiologic agents of tuberculosis and 
leprosy, respectively. These diseases afflict 20-30 

25 million people and continue to present a significant 

global health problem. Joint International Union Against 
Tuberculosis and World Health Organization Study Group, 
Tubercle . £3:157-169 (1982); Bloom, B. and T. Godal, Rev. 
Infect Pis. 5:765-780 (1983). To develop more effective 

30 tools for the diagnosis and prevention of these diseases, 
it is important to understand the immune response to 
infection by mycobacterial pathogens. 
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The antibody and T-cell responses to infection or 
inoculation with killed mycobacteria have been studied in 
humans and in animals. . Human patients with tuberculosis 
or leprosy produce serum, antibodies directed against at 

■5 least 12 mycobacterial proteins. Some of these proteins 
are also recognized by well -characterized murine 
monoclonal antibodies. Mice immunized with mycobacterial 
lysates produce antibodies that are directed predominantly 
to six M. tuberculosis and . six M. leprae , protein antigens . 

10 Engers, H.D. Infect. Immun. . ia.:G03^605 (1985) ; Engers, 
H.D.. Infect. Immun. . 51:718-720,(1986). - Genes- encpding 
these 12 mycobacterial antigens have been cloned, and 
recombinant proteins. produced from, these clones have been 
used to investigate, the human T- lymphocyte, response to 

15 mycobacterial infection. Husson, - R.N. and R. A. Young, 

Proc . Natl . Acad . Sci . . ~USA. 84 : 1679-1683 (1987) ; Young, 
R.A. £t_aLu/ ..SftfiUCS^ 31£:450. : 452 (19?5) ; Brit ton, W.J. et 
al. Leor. Rev., , 57, Suppl. 2, 67-75 (1986). 

Protection, against mycobacterial, disease involves 

20 cell -mediated. immunity. Joint International. Union Against 
Tuberculosis and World Health Organization Study Group, 
Tubercle , 63; 157-169 (1982); Hahn, H. and-S.B.E. Kaufman, 
Rev. Infect. Pis. , 2:1221-1250 (1981) . T- lymphocytes 
cloned from patients or from vqlunteers immunized with 

25 killed mycobacteria have been. tested for their. ability to 
recognize the recombinant mycobacterial proteins. 
Lymphocyte-proliferation assays demonstrate that most of 
the antigens identified with monoclonal antibodies are 
involved in the. T-cell response to mycobacterial infection 

3 0 or vaccination, in mice and in humans. Limiting dilution 
analysis indicates that 20% of the mycobacterial -reactive 
CD4* T- lymphocytes in mice immunized with M. tuberculosis 
recognize a single protein, the 65-kDa antigen. Kaufman, 
S.H.E. et al. ■ Eur J. Immunol. , 17:351-357 (1987). 
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Summarv of the Invention 

The present invention relates to stress proteins and 
methods of modulating an individual's (such as a human, 
other mammal or other vertebrate) immune response. In. 
5 particular, it relates to the. use of such stress proteins 
in- immune therapy or prophylaxis, which* results in an 
induction or enhancement of an individual's immune 
response and as an immunotherapeutic agent which results 
in a decrease of an:.individual's response tb-hisor her 

10 own cells. In the embodiment in which an individuals 
immune response is induced or enhanced; the induced or 
enhanced. response can be a response to antigens, such as 
those derived from a pathogen or cancer cell, or can be 
upregulat idri of ths individual r s - immune - status > such as in 

IS an immune > compromised individual In immune prophylaxis, 
stress proteins are administered to prevent or reduce the 
effects in an individual of a pathogen/ which can be any 
virus, -microorganism, parasite or other organism or 
substance (e.g., a toxin or toxoid) which causes disease 

20 or to prevent or reduce the effects in an individual of 
cancer cells.. In preventing or reducing adverse effects 
of pathogens which contain stress proteins (e.g., 
bacteria, parasite, fungus) according to the method of the 
present invention, an individual's immune response to the 

25 pathogen's stress protein CsV is induced or enhanced 

through the administration of a vaccine which includes the 
pathogen's stress protein (s) or other stress proteins. 
The stress protein can be administered alone, as a member 
or component of a conjugate (e.g., joined to another 

3 0 antigen by chemical or recombinant means such as joined to 
a fusion partner resulting in a fusion protein) , or as an 
adjuvant or carrier molecule to enhance or obtain a 
desired immune response to an antigen. The present 
invention also relates to compositions comprising a stress 

35 " protein joined to another component; such as a fusion 
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protein in which a stress protein is fused to an antigen. 
Preventing or reducing adverse effects of viral pathogens 
which do or do not contain stress proteins,.. as well as 
preventing or reducing the adverse effects of . cancer cells 
5 according to the present method, is.- effected by enhancing 
an individual's immune surveillance system. , Enhancement 
of immune, response 4 can be. effected by modulating the 
immune cells by stimulation with a.^ress protein (e.g., a 
bacterial stress protein).. . - 

10 In the embodiment in which an individual's immune 

response is decreased, such as is used in treating 
autoimmune diseases, stress proteins known to be involved 
in the autoimmune response are adndiy^tered, to. turn down 
an individual's immune response by tolerizing the 

15 individual to the stress proteins. Alternatively, the 

immune response to stress protein,, which is known, to occur 
in .autoimmune disease, is reduced by interfering with the 
ability of. immune cells which, respond to stress proteins 
to do. so. . , ...... ....... 

20 A selected stress protein .of the present invention 

can be adrainiatered to an individual, ^according, to the 
method of the present invention, and result in an immune 
response which provides protection against subsequent 
infection by a pathogen (e.g. ,_ bacteria, other infectious 

25 agents which produce stress proteins) or reduction . or 
prevention of adverse effects of cancer cells. . 
Alternatively, a selected stress protein can be 
administered to an individual, generally over time, to 
induce immune tolerance against the selected stress 

30 protein. For example, a selected stress protein can be 
administered in multiple doses over time in order to 
induce immune tolerance against an autoimmune disease such 
as rheumatoid arthritis. 
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Brief Des cription of the Drawings 

Figure 1 is a graphic representation of the. 
homologies between mycobacterial antigens and known stress 
proteins. Figure- 1A is a representation of sequence 
5 similarity between portions of the M. tuberculosis 71-kDa 
antigen (residues 1-2D4; TB 71 . kDa).. .and the E. coli . DnaK 
protein- (residues 430-639) Figure IB- is a representation 
of sequence similarity between portions of the M. 
tuberculosis 65 -kDa antigen: (residues 1 1-540: TB 65 kDa) 

10 and the ~ E\ coli GrbEL' prbt&ial- (residues 1-547) ; 

Figure 2 is a comparison of ' the aftiino acid sequence 
. of the human PI protein (573 residues) (SEQ* ID NO:. 1) and 
the amino acid~ sequence of thei-groEL protein (547 
residues j~ ( SEQ -ID NO 2> . 

15 Figure 3 is a comparison- of the amino acid sequence 

of the humanPl protein (573 residues) (SEQ ID NO: 1) , 
which is a homolog *of- gr6Eii protein, and the amino acid 
sequence of the-65 kDa M. leprae protein' (54 0 residues) 
(SEQ ID NO: 3) . " - ■ 

20 Figure 4 is a 1 comparison of the amino acid sequence 

of the human PI protein (573 residues) (SEQ ID NO: 1), 
which is a honiolog of the'gfoEL protein, and the amino 
acid sequence of the 65kDa M. tuberculosis protein (540 : 
residues)- (SEQ- ID NO: 4). 

25 Figure 5 is a schematic representation of selected 

stress protein fusion vectors which contain a polyl inker 
with multiple cloning sites permitting incorporation of a 
gene of interest 

Figiire 6 is a schematic representation of the stress 

30 protein fusion vector, pKS70 containing the T7 RNA 

polymerase promoter, a polylinker and the mycobacterial 
tuberculosis hsp70 gene, and the stress protein fusion 
vector pKS72 containing the HIV p24 gag gene subcloned 
into the pKS70 vector. 
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Figure 7 is a graph illustrating the anti-p24 
antibody titer in mice injected with the p24-hsp70 fusion 
protein, p24 alone and .hsp 70 alone. . .. 

Detailed Description of the Invention 
5 Cells respond to a variety of stressful stimuli by 

increasing .the synthesis of specific stress proteins. The 
most extensively studied cellular response to stressful 
stimuli ..is the synthesis, of heat shock proteins; (hsp) by a 
cell, induced by a sudden increase in temperature. 

10 Because many of the heat shock proteins are also induced 
by other stresses, ..they are frequently called stress 
proteins. .Stress proteins and their relatives appear to 
help assemble and disassemble protein complexes. In 
bacteria, the major stress proteins, hsp70 and hsp60, 

15 occur at moderate levels in cells that have not been 

stressed but accumulate to very high levels in stressed 
cells. For example, hsp70 : and hsp60 normally ^account for 
1-3% of. total E. coli protein, but can accumulate to about 
25% under stressful conditions; Eukaryotic hsp70 and 
;20 hsp60 proteins do not accumulate to these extreme levels. 
Their levels range from undetectable, to moderately 
abundant, depending on the organisnuand cell type. 

The present invention is based on the observation 
that stress, proteins are among the major antigens 

25 available for presentation to T lymphocytes and may be 
common immune targets in a. broad spectrum of infectious 
diseases. Immune responses to stress proteins are 
involved in immune surveillance by the body and a variety 
of different T cell types has been shown to recognize 

3 0 highly conserved stress protein determinants. Several 
observations, described below, suggest a model of immune 
surveillance in which self -reactive T cells provide a 
first line of defense against infection or other invasion 
by pathogens, which include, but are not limited to, 
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viruses, microorganisms, other organisms r substances such 
as toxins and toxoids, and agents which cause cell 
transformation, by recognizing- and helping to -eliminate 
stressed autologous- cells-, as. well as cells" infected with 
5 intracellular pathogens. Without wishing to; be "bound by 
this model, it is presented as one means by which, it is 
possible to explain why prbkaryotic and eukaryotic cells 
respond- to- variety 1 of : potentially damaging stimuli, such 
as elevated: temperature,- by increasing' tHe synthesis of a 

.10 family of- proteins-,- referried.to as stress proteins, which 
are among thei* most highly- conserved and abundant proteins 
found in niature/ - : : - ... 

Investigation of" antigehs : involved r in: the' immune 
response "tb the" "tuberculo (JL. 

15 tuberculosa s : and MT leprae T initially led to the 

observation that a variety of stress-proteins are among 
the ttiajor targets- of - the r intmui» response, as is described 
at greater^ length below-. 1 " ' 

Further assessment has demonstrated that stress. 

20 proteins tnay be common immune targets in a broad spectrum 
of infectious diseases V Sequence- analysis has "revealed 
70-kDa heat shock protein- r homologues- among major antigens 
of the protozoan parasites - Plasmodium falciparum (Bianco, 
A.E. et al . . Proc. Natl J : -Acad. Sci USA, 83:8713-8717 

25 : (1986)) and Schi stosoma mansonx ( Hedstrom r R . et^al^:, jL. 
Exp. Med. . 165 :1430-1435 (1987) ) and the malarial parasite 
Bruaia malavi (Selkirk, M.E. et al., J. q^i; Biochem., 
12D :290 (1988)). Similarly, homologues of GroEL have been 
found among antigens involved in the immune response to 

30 Salmonella tvphimurium and Coxiella (Vodkin, M.H. and 

J.C. Williams, J Bacteriol , 170:1227 (1988)), as well as 
Bordetella pertussis (Del Giudice, G., et al . , J . of Imm . , 
150 ; 2025-2032 (1993)). The presence of stress proteins 
among major immune targets in a variety of human pathogens 

35 is support for the idea that the stress response may be a 
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general component of infection and that stress proteins 
should be considered among candidates for subunit 
vaccines. All organisms respond to heat by inducing 
synthesis of heat shock proteins (hsp) , which are a group 
5 of proteins. -This response is the most highly conserved 
genetic system known and has been shown to occur in every 
organism, including microorganisms, plants and animals, 
investigated; to date; Many of the* characteristics of the 
response. are common to; all organisms and -the hsp are among 

10 the most, highly conserved proteins known.- For example, 
hsp90 family and. hsp70 family proteins are present in 
widely diverse organisms w. The proteins in each family- 
even in. such diverse organisms^- show .approximately 50% 
identity : at the -amino acid leyeL.a9nd.lat. th£ nonidentical 

15 residues, .exhibit .many similarities.. Several of the 

proteins induced by heat are also induced by a. variety of 
other stresses.. The hsps>:or a closely related/similar 
protein are present in -all organisms at normal - 
temperatures and have .been, shown to have key functions in 

20 normal cell metabolism. Lindquist, S. and E.A. Craig, 
Ann. Rev; Genet . . 22:6:31-67.7 (19-88)-. Because the stress 
response ia. common to prokaryotes and eiikaryotes and 
stress proteins are among the most highly conserved in 
sequence it is reasonable to expect that an antigen from 

25 one pathogen could immunize against another pathogen. 

E^osure : tp_f or eign stress proteins early in life might, 
in fact,, induce a degree a immunity to a variety of 
infectious agents. If so, this could provide an 
explanation for the observation that, for many pathogens, 

30 only a fraction of infected -individuals actually acquire 
clinical disease. 

The following is a description of the relationship 
which has been observed. .between stress proteins and the 
immune response to mycobacterial infection; of the 

35 observation and supporting information that stress 



WO 94/29459 



PCT/US94/06362 



-9- 

proteins are immune targets in many infections by 
pathogens; of the role of stress proteins as immune 
targets in transformed cells;, of recognition of the fact 
that the immune response to, conserved stress protein 
5 determinants may play an important role in autoimmune 

pathology in rheumat^ as well as in adjuvant 

arthritis;; and of the role of stresa : proteins in immune 
surveillance, as. well as a model- proposed f or immune 
surveillance in which self-reactiye T cells provide a 

10 first line of defense against infection and cell 

transformation. _ - : - 

Mycobacterial -Stress Proteins are Tartfeta of the Immune 

Respoi^er % -:r^X'JJJLi -"- 

... .. An: intriguing .relationship hetweeit stress proteins 

15 and- the immune response' tQ mycobacterial: infect ion. has 
been observed . A more- detailed, examination oo£ . stxes s 
protein, determinants and immune response mechanisms is 
essential to. understandings the: relationship among stress 
proteins,; infection/ and immunity. 

20 .„ In view, of the involvement of proteins of M.. 

tuberculosis and M, leprae- in- humoral and :cell -mediated 
immune responses and to establish the functions!: of these 
proteins in the mycobacterial cell, the DNA encoding 
several of the M. tuber culosis and: M. leprae antigens have 

25 been, sequenced-. The results, discussed in Example 1, 
demonstrate that„ many of these mycobacterial protein 
antigens exhibit striking sequence similarity to known 
stress -induced proteins. Three of. the M. leprae and two 
of the M . tuberculosis protein, antigens studied have been 

3 0 shown to exhibit striking sequence similarity to known 
stress proteins. For reasons discussed in Example 1, it 
is concluded that two of the M, leprae and two of the M. 
tuberculosis antigens are homologues of the E. coli DnaK 
and GroEL proteins. 
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in mice, immunization with mycobacterial lysates 
elicits antibody responses to at least six M. tuberculosis 
protein antigens and a similar^ number of M. : leprae protein 
antigens. Monoclonal antibodies specific for these 
5 proteins have been used to isolate clones from Xgtll DNA 
expression.librari.es of M. tuberculosis and M. leprae . 
The sequence of the v DNA clones reyealed that - mycobacterial 
hsp70 (alias^ 70 kDa antigen), and hsp60 r (alias, 65 kDa 
antigen. GroEL ) were the ma j or targets.., pf r the murine 

10 antibody ^aponse .. to both- M . tuberculosis and M , leprae . 
Two additional .hsp, an : 18 kDa member of -.the. small hsp 
. f amily and a 12 kDa honuplogue ^ of aroES^ s were found among 
the M leprae and M. tuberculosis antigens . Young, D.B., 
et eLU- r: Prec" Natl \ Acad. Sci ;J USA,. 85 :4267-4270 (1988) ; 

15 Shinnick, T.M.- , ■ et al.. Nuc , Acjflg , RgB . 7 ,12.: 1254 . (1989) . 
The mycobacterial stress : proteins are among the 
immunodominant^ target s r of. both murine, antibody and T cell 
responses. - In one study which summarized^ results obtained 
from 10 laboratories^ a collection^ of 24 murine monoclonal 

20 antibodies recognized. 6 M . leprae - proteins ; 7 of these 
antibodies are. directed against 6^ different determinants 
in . the jL leprae hsp60 . Engers , H • D . , et al ; , Infect T 
Immun. . 41;603 r 605 (1985); Mehr^, V. , et al proc. Natl. 
Acad. Sci USA . £1:7013-7017 (1986) .. In a similar study, 

25 3- of 33 monoclonal antibodies raised against 

tuberculosis ^rngni zed, the M . tuberculosis hsp60 protein. 
Engers :r - H.D. , et al.. . Infect. Immun., SI.: 718-720 (1986). 
Finally, limiting. dilution analysis indicates that 20% of 
the mycobacterial -reactive CD4+ T lymphocytes in mice 

3D 3 mntxm J ^d- with- M. tuberculosis recognize this antigen. 
Kaufmann, S.H., et al. , Eur. J. Immunol. , 12:351-357 

(1987).; 

Although a rigorous quantitative analysis of the 
human immune .response to mycobacterial stress proteins has 
35 not yet been reported, mycobacterial stress proteins are 
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recognized by human antibodies and T lymphocytes and the 
evidence suggests that these proteins are among the major 
targets of the human cell mediated immune response . 
Emmrich. F., et al - . J. Exp. Med. . 163:1024-1029 (1985); 
5 Mustafa, A.S., et al, , Nature (London). 329:63-66 (1986); 
Oftung, F., et al T , J. Immunol.. 138:927-931 (1987); Lamb, 
J.R. , et al. . EMBO'j. / 6:1245-1249 (1987) ; T lymphocytes 
from patients with mycobacterial^ infection or f rom- 
volunteers immunized with mycobacteria have been cloned 
10 and tested -for "their ability to recognize- the, 

mycobacterial stress -proteins..- In. each of these studies, 
some ? fraction of the human T cell clones were shown to 
recognize one or more of the mycobacterial stress 
proteins;.^ ----- --^ • - :.~ >.._.- :.:*:-•■. ---1 

is stress proteins are Targets in " infections by 

Pathogens-' -- ----- : - - 

The -observation that stress proteins are -important 
targets of the immune response to mycobacterial infection 
and the knowledge that the major stress proteins are 

20 conserved and abundant in other organisms suggested that 
stress- proteins are likely to be immune targets -in many- 
ihfections by pathogens. Indeed, that is now clearly the 
case. Antigens from a wide variety of infectious agents 
have been identified as members of stress protein 

25 families. 7 The major stress protein antigen recognized by 
antibodies in bacterial infections is hsp60. "Common 
antigen" , an" immunodominant protein antigen long known to 
be shared by most bacterial species, turns out to be 
hsp60. Shinnick, T.M. , et al. , Infect. Immun. , 56 :446 

30 (1988) ; Thole, J.E.R., et al, . Microbial Pathogenesis. 

4:71-83 (1988). Stress proteins have also been identified 
as immune targets in most major human parasite infections. 
Bianco, A.E., 'et al , , Proc. Hakl^-Asal, Sgj t USA, 83:8713 
, (1986); Nene, V;, et al.. Mol. BiochenT. Parasitol.. 21:179 
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(1986); Ardeshir, F., et al. . EMBO J. . 6:493 (1987); 
Hedstrom, R., et al , , J. Exp. Med. . 165:1430 (1987); 
Selkirk, M.E. et al . , J. Cell Biochem. , 12D:290 (1988) , 
Engman, D.M.-r et al., J. Cell Biochem: ; 12D r Supplement, 
5 290 (198.8.)-;?. Smith,, D.Fv j .ftt-aj., J.: Cell BiocheTn. . 12D:296 
(1988-K...-. Antibodies to hsp70 have .been identified in the 
sera of patients suffering from smalarial, -trypanosomiasis, 
leishmaniasis ^schistosomiasis cand -filariasis;. Hsp90 is 
also. -a target ..of .antibodies ^-trypanosomiasis and a 
10 member of the small hsp family is recognized in some 

..Proteins ^homologous, to v; st ress ^proteins have - also been 
identified; -in .^viruses * : Recently*; j.a protein- encoded by the 
RNA genome of the Beet Yellowa-Clost^roviri^ 

15 virus,; has been ghpwn tOote.\hQmqlG^QUQ. B tQ.h4B70c-: - 
Agranpysky, A.A., s£ alr f J. -Mol . Biol. .- 217 r 601-610 
(19?lK>_ t In addition ^ stress protein -induct rion. occurs in 
eukaryptic pells; following. infection by diverse viruses in 
vitro ^ Cpll ins c -P *L r. and t Hightower*, L .E. p J. Virol. . 

20 44: : 70 i 3-:707 ;(1982) ; ; Nevins^^^ C^ll, 22:913-939 (1982); 

Garry, R.F. et al. , Virology ^ -12 9^3 9l : 3» : tijga). * _ ; 

Khandjian, : :E JM. ^d : ^r^erf H. Mol . Cell. Biol. , 3:1-8 

(1983) 7 LaThangue,. N.B. ,, et al , , EMBO J. , 3:267-277 

(1984) ; Jindal, S. and -Young, : R. , J. Viral .; 66:5357-5362 
25 (1992) . CTL; that recognize these jned.-r antigens could limit 

the spread of virus by. killing infected cells, possibly 
before: substantial . amquntS;.p£ mature virus are assembled, 
and by secreting the lymphokine y- interferon. Pestka, S., 
in : Methods Enzvmol . , Interferons r .Part A- , Vol. 79 

30 Academic Press,. New York, pp. 667; (1981} Evidence 
consistent with this idea is emerging. Koga et al. , 
(1989) have shown that infection af primary murine 
macrophages with CMV rendered them susceptible as targets 
for MHC-I restricted OT8* .CTL. specific for linearr epitopes 

35 of M. tuberculosis hsp60, Koga, T. ,.. et ^1^, (1989) . 
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Although the epitope recognized by these CTL on infected 
macrophages was not defined, it is tempting to speculate 
that a cross-reactivity -with self hsp6Q -epitopes is being 
observed. Indeed,: the same groups showed that a 
5 homologous-. hsp60 is constitutive lyl present in macrophages 
and is*, upregulated by . zy- interferon stimulation. 

Stress Protein s as Immune Targets iir Transformed "Cells 

" Stress proteina^jpear ta be: produced; "at high levels 
in at leasts some transformed: cells.* : -Bensaude,: 0. ~and 

10 Morange,: M:. ; , EMBO CT. , •■• 2 v l?3.r 177. (19831 -A An 36. JcDA murine 
tumor-antigen^ has been .found to be Jiomologous to 
representatives* of the hsp9tt family- :in yeast and - - 
Drbsophilai.^ Ullricter S.CE, ;. Proc, : Natl.- Acad/ Sci . ; USA, 
r 83: 3121-3235 (498£)~.~ - -Immunization- of -mice with the 

15 purified protein led to -inhibition t>f tumor growth in 95% 
of experimental animal 3 that "had been* seeded with cultured 
tumor cells/' " fill of the protected mice had high titers of 
artti-hsp90- serum antibody which was able to precipitate 
murine hsp9tf from- lysates of heat shocked mouse embryo 

20 cells. ^ Againp, a role for autoreactive lymphocytes is 

implied*- since -T cells capable of recognizing autologous 
cells -stressed* by- transformation could help eliminate 
nascent tuirtor cells. 

Stress^ Pro teins and Autoimmune Processes 
25 Rheumatoid arthritises characterized by a chronic 

proliferative and inflammatory reaction in synovial 
membranes- which is thought to involve autoimmune 
processes . ^ Rat adjuvant arthritis resembles human 
rheumatoid arthritis in many respects, and has been used 
3 0 as an experimental animal model for human disease.. 

Pearson, CM. , Arthritis Rheum. , 7:B.0--86 (1964). Adjuvant 
arthritis can; be induced in rats with a single intradermal 
injection of killed M. tuberculosis in complete Freund's 
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adjuvant. An autoimmune process involving T lymphocytes 
appears to be responsible for the generation of the 
disease. Holoshitz, Jr, et al, Sciencgr 219:56-58 1 
(1983) . T cell lines isolated from the draining lymph 
5 nodes of arthritic rats~and propagated in vitro by " : " 

stimulation with M ; - tuberculosis -pulsed syngeneic antigen 
presenting cells can "dfcuse a trans ltatf~ftato af the disease 
when transferred to irradiated : "fait if*~ Since care was taken 
in these : experiments r to exclude tti& r transfer' of^ - 

10 contaminating M. • tuberculosis , this Result strongly 

suggests^ that the cl±rt£dal : "effects of* the* disease- aria a 
consequence -bf-'aif enftoifomxDe- reaction in 1 whfch the ■ 
autoaritigeri is shared with M : . tubefrcMdsis 1~ : - 

- -The rat and M. tuberculosis- antigens- reco g hiz ed by - : 

15 the arthritpgehic : T cells : have been sought foV^i number of 
years.-- A number of different proteins present" in synovial 
membranes *ave : beeh proposed tcr be the "cross -reactive rat 
antigen," but "were later 2 iiscblmted' as* procedures tT f or the 
purification of 'these proteins^ iirtprbvedv van Eden, W. , et 

20 al^, PrbcY Natl . Acad-. 5cd*V USA, 8£: 5117-5120" (1985) ; 

Holoshitz, J. , et- al . ; Science s 212: 56-58 (198*3) .-■ The JL. 
tuberculosisF antigen recognized bjr the larthritbgenic T 
cells was -'-recently shown 1 to be a '65 kDa p:roteirf? c (van Ederi, 
W. , et al . . Nature . 331 : l r 7l : (1988)/ which has- now been 

25 shown to be hsp60= (see the- Example 1 1) , Using a 

combinations of truncated recombinant 65 kDa 1 proteins and 
peptides, a nine amino acid epitope of hsp60 has been 
identified- as the minimum stimulatory 1 sequence for 
arthritogeriic T cell clones in proliferation assays. Now 

30 that it ia clear that some arthritogenic T cells recognize 
the mycobacterial hsp60> it is quite possible that the rat 
autoantigen is also hsp6(K 

The results obtained in the adjuvant arthritis model 
led investigators to determine whether T lymphocytes from 

35 human rheumatoid arthritis patients also recognize 
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mycobacterial antigens. These investigators have found 
not only that patients with rheumatoid arthritis have T 
cells that recognize- Mv tuberculosis antigens, but that 
these T- cells have- diverse phenotypes . = Substantial 
5 proliferative* responses*, to mycobacterial /extracts are 
observed with uncloned T cells (predominantly CD4*) from 
both synovial, -inf iltrates and: peripheral^ blood/ although 
responses are: generally greaterin synovial infiltrates, 
Abrahamson>. . T . O; f j£3^ ^ Standi. Imimirrol^ : 7 : 81- 90 

10 (1978) ;: Holonhitzr, J:\zr. et: al . Lancefc i^ aos ^3Q6 (1986) . 
Holoshitz " et ahe found: that .4 of S-T cell clones isolated 
frortr human: rheumatoid? synovia: whiclr respond to 
tuberculosis- antigens: were:~CD4":?CI)fl- cells with y/& T cell 
receptors-.- Holoshitz-, et ^1 ^ , • Natureu 112:226-229 

15 (19893 . r. -This observation: ^ -is: :interesting -because T 

cells have yetrto be assigned a role in immunity.- One of 
the y/5 clones- was tested: for ;i ts ability to" respond to 
purif ied; mycobacterial; lisp&O and waff found to be positive 
in proliferation' assays-.- Due to the conserved 1 nature of 

20 stress proteins, these T cells have the potential for 
autoreacti-v-ity. ± Lamb and coworkers" have shown that 
po ly c 1 orial T c el Is-" * f toiiv syndviat infiltrates recognize 
both mycobacterial- hsp60?and hsp70V Lamb, J.R., et al. / 
Intl. Immunol in press (1989) V The-. population of T 

25 cells- that-- recognize the "mycobacterial stress proteins 

were shown to respohd^to E~-. coli hsp6 : a and hsp70 and, most 
interestingly/ human hsp70- purified from heat shocked 
macrophages^.- Thus? immune responses to conserved stress 
proteinr determinants, perhaps initiated by bacterial 

30 infection (not necessarily by mycobacteria) , may play an 
important role in autoimmune pathology in rheumatoid 
arthritis, as well- as- in adjuvant arthritis . 
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Stress Proteins and Immune Surve illance 

A variety of different T cell types has now been 
shown to recognize highly conserved stress protein 
determinants.. The ability of cells to. respond to stress 
5 by increasing the levels; of the highly conserved stress . 
proteins; the presence of T cells of diverse phenotypes in 
healthy individuals that are. capable _of .-.recognizing: self 
stress, protein: determinanta;. and ohs.ervationa that stress 
responses are induced by pathogenic infections and by cell 

10; trans format ion, alt suggest a model of immune surveillance 
in which self- reactive jr. cells provide a. first line .of 
defense against infection: and: transformation: by - v, 
recognizing and, helping, to eliminate-stressed autologous 
cells , as ;well asv.cel-ts. infected with -intracellular- 

IS. pathogens,... Thev.pqol._of lymphocytes that: recognize, . . . 
conserved stress protein; determinants might - be induced 
during: -establishment natural microbial, flora on the 
skin and in the gut, and maintained by frequent, . 
stimulation by pathogens., such^aa bacteria and viruses, as 

20. well as other stressful stimuli encountered- during a 
normal lifetime. This model;, is, attractive because: it 
provides; a way:. in which the immune system could exploit 
the existence, of conserved epitopes in stress proteins to 
respond immediately- to cmtigenically diverse pathogens and 

25 cellular* changes >: -producing an- initial, defense that need 
not await .the development of immunity to novel antigens. 

. The lymphocytes which recognize conserved stress 
protein determinants must be capable of discriminating 
between normal . and stressed cells. Since many stress 

3 0 proteins are constitutively expressed in normal? cells, 
although at lower levels than in stressed cells, the 
potential for autoreactivity is ever-present. Normal 
cells may. escape destruction by expressing only 
substimulatory levels of stress protein determinants, on. 

35. their surfaces^ In addition, stress proteins may only be 
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processed and presented during stress, and it may be 
relevant that many stress proteins have altered 
intracellular locations during stress. Finally, immune 
regulatory networks may prevent. actiyati,oa : of autoreactive 
5 T cells under; normal- cgndit ions:, ^ The^ regulatory 

constraints required by this., system- might occasionally 
break down, perhaps during stress?- caused; by bacterial or 
viral infections , leading . to^ au t o i mnvune : disease • . . - 
Rheumatoid arthritis- may : k^8Uff^i.^.:-<Si8ea8er !( - (( i . -,. JC 

10 Modulation of Immune Response, 2 ~ aa:iU . ;3 „ rrrii- 

- The- precise^ relationship^ between stress proteins*, and 
the_host,; immune . response; to inf eg£ipRc±s^ as. yet_- undefined. 
When- cells: are - sub j ect edr to. aa variety of stresses they 
respond by : seleetivelyr: increasing^ the- synthesis^ of ■ .a r ; 

15 limited: set of- stress proteins-. , Some- stress^ proteins, 
including ther products of DaaK;_and::Gr©EL, are majoxiv^ 
constituents .of the- cell . wider* normal- growth conditions 
and are - induced- to eyen : higherr levelsr during > stress-. -. 
Lindquist,, ■ Sr. * • Annu , - Rev j Biochem-. ^ 55 : 1151-1191: _(.1?86 ) / 

2 0 Ne idhar dt , , F . C : and * B . A; } VanBogelecu : In Escher ichia coli 
and Salmonella Tvohimurium,- Cellular and Molecular 
Biology-, (eds* . Neidhardt , . P,.C. - Ingraham> Jr.L..-; Low, K.B . 
Magasanik* . B : Schaechter; 'Mi - andr Umbarger; H-.E . ) Am. Soc . 
Microbiol., Washington, D.C., pp.. 1134-1345* (1387 It 

25 has now been demonstrated. that stress -related proteins are 
targets of the immune- responses Young, . D. et al, . Proc. 
Natl. Acad. Sci . USA. 15j4267-4270 (1988). It is 
reasonable to- expect- that- immunodominant antigens would be 
found among such abundant- prot eins , ras has now been shown 

30 to be the case. 

According to the method of the present invention, it 
is possible to modulate the. immune.; response in an 
individual, . such . as .a human", other mammal- or other 
vertebrate, by altering the individual's response to 
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stress proteins. In particular, it is possible to enhance 
or induce an individual's response to a pathogen (e.g., 
bacteria, virus, parasites, or other organism or agent, 
such as- toxins, toxoids) or to- -cancer cells or enhance or 
5 induce —an- -upregulafibn of an individual's immune status 
(such as in an immune ^6riq>rotnised individual or HIV- 
infected individual ) ; : and- to "decrease- an" "individual ' s 
autoimmune -response, such as occurs in some forms of 
arthritis.- ; ~Tri addition," administration' of 1 a stress"- 

10 protein using the method o£ tK^ present invention provides 
protection against subsequent infection by a *- pathogens As 
demonstrate herein/ stress proteins contain regions of 
highly conserved amino acid "sequences and have been shown 
to btf ^rtatj o* ^immunodominant -ant igens in bacterial and -other 

15 infections^ -Therefore^ it is reasonable to expect stress 
proteins can be used to elicit strong immune responses 
against ^variety of pathogens . - The stress protein : 
adminisitered-to -induce -or enhance an immune response -to 
pathogens -can -be the stress protein of the pathogen 

20 against which an immune response is desired or other 

stress protein,: a.portioncof that protein of -sufficient 
size to stimulate: the desired ^immune response or a protein 
or amino acid" sequence which is the functional equivalent 
of -the^ stress protein: in that it is sufficiently 

25 homologous in amino.acid sequence -to that of the -Stress 
protein- to-' be- capable of /eliciting the desired response 
( an-' immune- re sponse- substantially similar to that which 
occurs r in- response to the stress protein) in the 
individual to whom it is administered. The term 

30 "sufficiently homologous in amino acid sequence to that of 
the stress, protein 11 means that the amino acid sequence of 
the protein or polypeptide will generally show at least 
40% identity -with -the stress protein -amino acid sequence; 
in some cases, the amino.acid sequence of a functional 
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equivalent exhibits approximately 50% identity with the 
amino acid sequence of the stress protein. 

Any stress-induced proteins or their functional 
equivalents can be used by the present -invention to 
5 enhance or induce an immune ^response in an individual 
(e.g. a humany other mammal; or vertebrate) , against an -- 
infection-by a pathogeny for ^immunotherapy against cancer 
cells, for generally upregulating afr individual' s immune 
status and -for ^use~ 'in inducing- immuiie- tolerance in an- 

1 Q individual or animal!. , . ^4-7.,. . *' 7 - ^ J - ^ - .-■ - : 

- The stress /protein&jafL the* -present invention cari2be 
administered in a .variety o£-wayseto modulate : the immune 
response of an individuate (e . g ;y a - haman r- other mammal or 
other vertebrate "rr Itt ©tie emb^iment^ 1 thff stress protein 

15 is administered as a vaccina which' is ^comprised of the 

stress protein or a rportiorPof ^tfie stress protein which is 
of sufficient size ^to- stimulate ^ the desired immune" 
response. In this emboditftent^ the vaccine can be a 
"specific vaccine 11 - which contains^ specif ±c -stress 

20 protein "of a particular pathogen against -which an immune 
response" is desired, such as a bacterial stress protein. 
In this case, since the; pathogeny "Stress proteins are 
distinguishable from -those -of the host/ it is possible to 
induce an immunoprophy lactic response -specific to "the 

25 pathogen's stress -proteinsv Blander/ et al . . g± 

Clin, - Invest. ; -9i^717-723 " (1993) ^ This caii be carried out 
by • administering a vaccine which includes all or a portion 
(e.g. , sufficient amino acid sequence "to have the desired 
stimulatory effect on immxine response) of the pathogen' s 

3 0 stress ~ protein or of -another protein having an amino acid 
sequence sufficiently similar to that of the stress 
protein sequence to stimulate the -immune response to the 
pathogen's stress protein. Alternatively, in the case of 
a pathogen which does not contain stress proteins, (e.g. 

35 some viruses) or in the condition of neoplasia, stress 
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proteins or highly conserved stress protein determinants, 
such as those shown to be recognized by a variety of T 
cells, -can be administered as -a type of "general" vaccine 
to achieve an^uj^ immune response. 

5 Administration of such a vaccine will enhance the existing 
imimme su^e^ For instance, a vaccine which 

includes .a Jbacterial r \ or, ^feheri :s tr.egsLrprotein cait be: 
adminisrtered ta. enhanc^ the- immune :system which will- 
result: an Jjnrnune- .responses against:, .a- pathogen ..which .does. 

10 no| contain styess proteins.-;- Alternatively:,, this type of 
"g^neacal f * ^a^pins ican be^ Ais^d to enhance, an- individual.' s 
. immuna; response ^ or L to generally^ upregulate 

an individual vitwnune status^. rg^Qh in an immune — : 
cqmprpmised r indiy:Wual 7 , v an indavi^iat undergoing^. . 

15 chemotherapy ,9K i.^ HI^ infected individual) . In either 

case ofr this- e^j^im or 7 g[eneral~ vaccine) , the 

- immune -response^jta the stress protein ^sequence; wi 1 1= ie 
increased and effects- of the p^hogen x: disease- condition 
or. immune impairment jfill 1^ ^reduoed (decreased, prevented 

20 or- eliminated) . - -.-h :v . , " " : 

...... -In another ^en^odimer^ >r _stress^ proteins can be used to 

enhance immune ^surveillance by, applyd^ local heat or any 
other substances: .or, changes, in condition- which induce the 
stress- response, in the individual beings treated. (This 

25 can : also, Jbe. employed, in conjunction with, the _ specif ic 

vaccine^, described previously, administered to enhance an 
immune response to, a stress protein^ c ontai ning pathogen or : 
in conjunction with the general vaccine, described above, 
ac^nistered to- enhance- the. immune response against a 

30 pathogen- whiciv does not^ contain its own stress proteins, 
cancer, or to upregulate. the immune status : of an 
individual) .. - For example, it -is known; that increased 
levels of stress. proteins are produced in many types of 
cancer cells. Therefore,:, enhancement the immune- 

35 surveillance system, using this embodiment of the present 
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invention as described, can be used to facilitate 
destruction and/or to prevent progression or establishment 
of cancer- cells. . 

The method . pf... the -present, invention can also : be used 
5 to modify or modulate an -individual's response to his or 
her own cells :(e.g. , ■ as : in. autoimmune- diseases) . There 
are at least^twp ways rl in which the present invention can 
be used inmiunotherapeutically . :r . First,: stress- proteins, 
such; as - heat- shocks prpt^n^^^ g^^a hsp 70; and. hsp60) , are 

10 known- to: be involved^ in autoimpune= disease* j_-It is, thus, 
possible; to^ turn down-; ait indiy idual/Sb immune response, 
resulting? in- the: individual; becomiiig- more tplerant^ of the 
protein,, r Second, because- it: is. knowiv that under- some 
circumstances,:; £>ne component of. the irouine response, in 

15 certa^ diseases can be: to stress proteins, it 

is possible to- selectively^ inhibit,^ the 
ability of . immuner. cells, which normally interact with such 
proteins- to do so. This pain be done,, for. example,,; by 
administering, monoclonal antibodies that bind, to., specific 

20 T cell receptors and delete- or disable such cells 

Alternatively, rather, than: knocking, out iraxnunei cells, the 
stress- response in : cells can be turned; down by: 
administering- a drug capable of.- reducing: a cell' s, ability 
to undergo: the, stress response . For example, a drug 

25 targeted, to or specif ic:- for. heat shock transcription 

factor, which is. needed to stimulate heat shock genes, can 
be administered; The transcription: factor is rendered 
nonfunctional or. subf unctional and, as a result, cells' 
ability, to. undergo the. stress response is also lessened. 

30 In another embodiment of the present invention, the 

stress protein is administered as a vaccine which is 
comprised of two moieties: a stress protein and another 
substance (referred to as an antigen, e.g. protein, 
peptide, carbohydrate, lipid, organic molecule) against 

35 which an immune response is desired. The two moieties are 
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conjugated or joined to form a single unit. Conjugation 
can be achieved by chemical means (e.g. through a covalent 
bond between the stress" -prate^^ moiety) or, 

as demonstrated in Example 2, by recombinant techniques. 
5 I f - recombinant ^techniqu es- are-- us e^^^tre^redtree- t^~--^ r 
conjugate;" "the result : iis: a recombiriinl 11 fusion : protein . 

which.. Inc Lude s . the., ,atreaa..prof e i n a aif d 5 1 he ant igen^iatia , 

singX^molecule^ Thia-makftfl Impossible to- produce -and 
purifiyiA-.sing1 ft rpnomhinanr mftlecule in the - vac&ineii: 

1 0 product idxv. process. — In thia^embodiment , the- stress- 1: 

pTOtejn.Le_aa_he^Sften to act as an arij infant -free, carrier r 

gmd.jJL^si^niu^ and T cell r^ponaefeL to~~.1 

tite ,su^^ T;he stress protein is fused The .,. : 

stress protein can b e conjugat e d to any su bstance against 

1 5 whi ch ^ j^imme ; res ponse is desired or to a port ion __o f . t he- 
subs tanoe sufficient to induce ; an im mune response iiL_an . 
individual to whom it is admi nistered. The substaijcer- 

includes£but . i s L not limited to ; proteins, peptide s. - -- 

Q ^?Q sa ^ ch _g r ^^ eg ' lipids, carbo hydrat es, organic molecules 

20 or a com binati on thereof . Barrios , C. et al a t Eur. J. 

Immun.^ 22^365j»13 72 ( 1992) . Rec ent evidence . 

demonstra^jig_the_ef fejrtiyeness *,y*$$M*§ . 

indicates that mycobacterial hsp70 proteins when 
conjugated to other proteijis act as adjuvant -free, 

25 carriers .. . Liissoy,^ A.R. r ££. Eur ^ J, XpiMBu - 21 i 2297- 

2302 (1991) . The humoral ^immune response to. some peptides 
conjugated to mycobacterial hsp70 administered without any 
adjuvant^ was very similar to the antibody response to the 
same peptides administered iiv Freund's complete adjuvant. 

30 Lussow, A.R\, et al". v Eur. J. Immun . . 21;2297-2302 (1991). 
Barrios, C. e^ al*, Eur. J . Immun . . 22:13 65 --13 72 (1992). 
The present invention also relates tp compositions 
comprising a stress protein joined to another component, 
such as a fusion protein in which a stress protein is 

35 fused to an antig n. 
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As demonstrated in Example 3, the HIV p24 gag gene 
was subcloned into the stress protein fusion vector pKS70 
(Figure 6) , containing the T7 RNA polymerase promoter, a 
polylinker.and: the mycobacterial tuberculosis. hsp70 gene. 
5 The : resulting vector pKS7_2 .{ Figure 6 ) was used . to produce 
the p24-hsp70..fusipn.protein - ,.in^ E. coli . .Adjuvant -free, 
purified p2 4- hsp7d f usion.: pyoteis wa^ injected, into Balb/c 
mice -. and- as shown inr Figureh 7, the anti-p24 : antibody titer 
wa$. 2 . 7 orders of magnitu de, higher i n.: mice:- in jected with 

10 the-p24-hsp70 fusion-protein- than- inAmice-inj.ected with 
p24- alone^or^hspTfr alone en Mice-: injected: with. p2.4^ and the 
adjuvant^, alumi also produced -en antibody response to p24. 
Finally; .a-demonstrablecT^cellvresponse-wasa seen: in mice 
injected: with-; the p24-hsp:76 fusion^ protein- aad: in mice -. 

15 inj.ecte.cl with p2 4 alone~ ■ .:!p-?>-'. i5 ..::i ■ . ,r--.-.\ 

In: anpther:_eTnbodiment of -the present inventions the 
stress:, prot ein^r ^a ^por t ion: of - the st r es&- protein whi ch i s 
of .sufficient: size to stimulate- an. immune: response or an 
equivalent >:: is administered: as: an: adjuvant, with another 

20 substance (referred-.to as an: antigen) against: whi* ch an 
immune response :is desired; - The^ stress- protein- can be 
used: as an adjuvant with any: substance or. antigen, against 
which- an immune response: is_ desired ,_orj:o_ .apportion of the 
substance sufficient to induce an immune response in an 

25 individual . to .whom it - is.: administered; - , The- substance 
includeSzproteins,i-peptides^ oligosaccharides, "lipids , 
carbohydrates , „ organic molecules or a combination thereof . 

- The stress protein, stress protein portion, stress 
proteinr factional equivalent and the substance to which 

30 the stress-; protein r is ,fuse4^r. conjugated present in the 
vaccine can be_produced- or obtained using known 
techniques. - For example, the stress protein, or stress 
protein-portion can. be obtained (isolated) from a source 
in. which it -occurs." in. nature, can be produced_by cloning . 

35 and expressing a gene encoding the desired stress protein 
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or stress protein portion or can be synthesized chemically 
or mechanically. 

An effective, dosage of the_ stress,: proteins of the 
present invention as-yaccines:. or adjuvants, to: elicit : 
5 specif ic-- cellular and humoral- irwmu^Lty to: stress" proteins, 
or. to_ substances- conjugated to the stress, proteins, such 
as: proteins-, or. ^oligosaccharides , - 'ipiiLzi. the:- range; ;ofr 0.1 to 
-10-0-OU-ug hsp: per injection,: depending omthei individual to 
whom the ^tres^s. protein, is being: administered Lusstw, 

10 A . ft.- ; St -aLjf " Sur:^ J Immun, v 21 : 229lT-J£3£2l (£9A£h.£ : 

Barrios : G. et ak£f B^*- Immures. 2£rl3 6i- 137-2: v :. 
Thei appropriate 1 dosage of the strecssL protein. :f ore eacfe - 
individual will: be ideterrained by -takin g!, i n torcc ;c .. . 
considerati^i£c, f*>r. example the part;icirlar\ stress, .protein 

15 being.. „#dn^ljBtere4 r the type; of :-.individuftl:.it.a. whom the* 
stress protein ;is being. administered>; t:he:. age and. .size of 
the :ihdtv±chial^ the* condition; being:: treated or prevented 
and the: severity o£ the: condition.: -..Those skilled, in the 
art will- be table t c* determine using; no more? than, routine 

20 experimehtatiort^.thecappropriate dosage -to administer to 
an individuals o -.; L v. 1 :- 1 :.:., r.' -isi^r .icr _r. -••-*. 

^J/JL^ip^s .delivery .systems^ can be; jAsed .to : administer an 
effective dose of tlxeiyaccine of .the present invention.- 
Methods, ofc introduction include, for .example^ intradermal, 

2 5 intramuscular intraperitoneal^ intr aveno us?^ : subcutaneous 
intranasal;^ epidural and, oral routes Any other, 
convenient route .of administration can be.; used (infusion 
of a bolus: injection, infusion of v ra^J^ple r inject ions- .oyer 
time, absorption, through. :epithelial or .mucocutaneous 

30 liningsLeuch as:, oraljnucpsa, . rectal, and intestinal _„-_^ 
mucosa) .or a series of injections over time. 

The present, invention, :ie, further illustrated by the 
following exemplif ication> which is jiofcdLntended to be _ 
limiting in -any way.. - ■ - : 
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EXEMPL I F I CAT I ON 

EXAMPLE-; Isolation and Characterizati on- of Mycobacterial 
- 1 Stress Protein Ant i o«n«- : : : 

Recombinant DNA Clones: The isolation- aaricr ' ' :: •* " - ' ■ 
5 characterization' of^ tufeerctilblsis^ and- Mv : lerorae Xgtll 
genomic" DNA^bl ones wifehr 1 murine" tnbnbcd^nai- antibodies have 
been 1 described^ ' HUisscSi , - RYKh a andP Young; * R\ AVV Procv Natl. 
v;? AcadC Sci : , ' tJSA~ Bfrr 1% 73* 16-83" (15871 f Ybuhgr R : ;3tvr etril.. 
Nature ^Londbrvj 316 :" 450-452 (i985l\ 'i^^as isolated 

10 f romP^he5^£lones~a^ by- standard ~ ' 

prbceduir^S." Davis, tCl W . ; " Advkh6edF' Bafct eriai Gerie tics'* A 
Manikl for Genetic Engineering (Cold Spring Harbor Lab., 
Cold Spring Harbor, NY) , (1980). 

* ' DNA' Seouence Analvsiir: ? - DNA^ was" Waibcibned : into vector 

15 M13mpl8 or M13inp-i : 5 - ( IfeW^^ft^tan d - Bi blabkH-'aa- suggested by 
the suppliers ^Dideo*yftUcleotide chain -termination 
reactions and gel electrophoresis of the sequenced 
produced were as diesihribedV — Davis, R\ W . ; "Advanced 
Bacterial" Genetics ': " A~ MafiUfcl f br Genet ic^Engineering ( Cold 

2 0 Spring Sairbbr 1 : Lab . ; " Sold Sprixicf flarbbr , NY) , (1980): DNA 
secjuendes we're 7 determined for" both strands of DNA. 
Computer ahalysis "of" 5 sequences with" UWGCG' programs was as 
described by ' Devereux, J. ; et" all, ~ Nucleic* A cids Res . . 12 : 
38^95 C tl984y: " " 7 " r: : ' 

25 TftiifniiibblQt Analysis . *" Escherichia* coil strain TGI was 

transformed with the" following plasmids'by standard 
prob6d\ai-e^"(Maniat^ Molecular Cloning, A 

Libdratory Manual (Cold Spring Harbor L^b., Cold Spring 
Harbor, NY) (1982) , With Selection for ampicillin 

30 resistance 1 : pND5/ a derivative of pBBL325 containing' the IjL. 
col i " GroEL genes (Jenkins , A.J., e£ al Mol . Gen . Genet . . 
202: 446-454 (1986); pUC8 (Vic, J., Gene , 19: 259-268 
(1982) ; pUC8 with insert DNA for Xgtll clone Y3178 (JL. 
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lenrae 65-kDa antigen, Young, R.A., et al^, Nature . 
(London) 316: 450-452 (1985)) ligated in the EcoRI site. 

Overnight" cultures of E. coli strains in Luria- 
Bertani^ (LBT mediunr were centrif uged and resuspended' iri 
5 isotonic phosphate- buf f ered~ saline at a cell density 

corresponding^ to an absorbarice of 2 at 600 rim. An equal 
volume of sarapl4 buffer containing 2% (wt/vol)~NaDodSo 4 
was added, krid, after Keating on" a r boiling water 1 bath for 
2 tniny~saiT^ on 12% (wt/vol) 

10 polyacryl amide gels in the presence of NaDodS0 4 . Blots 
were^ prepai^^i^^l^^ the- 4 jir&t eins 

to a nitr"oc¥litilose' membrane; 1 arid bind^ of monbclonal 
antibodies was assayfccf *ri.th- ^ 

secondary antibody 1 as deseribec^-- Yotmgi KK, fet- : al . , 
15 lafgsfc; ItTPUnw" 55 : r i421-1425 (19*7)^ - 
^ Six M^l Vuber^^jg arid six- M: : - leprae proteins have 

been- impiicated 1 Iri r the immune-' respond to- the * 
mycobacterial pathogens* {Table"' 1): To obtain clu^s to the- 
riormal cellular 1 function of" several^ bf~ these mycobacterial 
20 antigerisr; DNA clones- encoding- ttiese proteins v '* isolated by 
-' J using" mondclbrial antibodies to probe lambda gtll libraries 
(Hussonr, Rr.NV arid/ Youhgl R. A. , Prbrr: l Nitl : Acadv Sciv; • 
USA ; 84 : 1679-1633 ^ (1987) ) : Yburig, R;A. ; et alT/ : Nature . 
(London) ^ 31r6 ? : n 450-452 ( 1985) j were subj ected- to sequence 
2 5 analysis"; : : The - sequences elucidated 1 " have* beeri* submitted to 
: the" ^GenBairirse^ene^ databases ■■"•^ 
; r The Mycobacterial 71 - £ Da Antioem The 71-k Da 
antigen of M-. : tuberculosis is "■ recognized" by human T cells 
during infection (Tafrle 1). 
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TABLE 1 



MYgOBACTgRIAL PROTEIN AMTTSETM 



protein, kuj\ '~ 


Human T Cells 


OUUJcCt.CU 

sequence 

analysis .: „ r. r. r; ~. 


with known 
proteins 


M . tuBer cul osis-* i 














DnaK 


■"; .Vic-- 6S*J clai- 


5 . ■ + 




QroBL 


38 










+ 


+ 


None 


: 


+ 






12 


ND 














M. leprae 








70 


ND 




DnaK 


65 


+ 


+ 


GroEL 


36 








28 


+ 






18 




+ 


Plant Hsp 


12 


ND 







Mycobacterial protein antigens, their recognition by 
human T cells,, and homology of the deduced mycobacterial 
protein sequences to known proteins are summarized. ND, 
not determined; +, yes; '-, no 
5 * Includes data derived from study of the 65-kDA 

antigens of M. bovis BCG (Bacillus Calmette-Gurein). , which 
is identical to the M. tuberculosis 65-kDA antigen, 
+ A.S. Mustafa, J.R. Lamb, D. Young and R.A. Young, 
unpublished data. 
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The insert DNA of lambdagtll clone Y3271 (Husson, 
R.N., et aL, Proc. Natl, Acad. Sci . gg&, 84: 1679-1683 
- (1987) -, was sequenced to obtain amino acid sequence - 
information for the 71-kDa antigen of M. tuberculosis , 
s This clone produces" a/ beta-^ protein 
containing the carboxyl* terminal one-third of the 71-kDa 
antdgenr rexhibitin^ 4 0 %: amino acid sequence identity with 
the comparable segment of the dnaK gene product from E. 
Coti (Bagwell/ : ^VCf^ ^ al,., Proc. Natl, Sci , . USA. 81: 

10 848-85.2^ : U984)J At (Fi.g^.1) . Figure 1A shows the extent of 
sequence s imilsrity d be twqerv port ions h of T the. mycobacterial 
and the; E~ ccriri 7Q.-ki Dai p€>l}5>ep tides. Sequences • 
transcripfibhally^downstream from the mycobacterial 71 -k 
Da gene? predict 3 56 -amino acid protein homologous to the 

is E. coir dgjiJ gen© product (unpublished data) , indicating 
that the E. coli dnaK-dnaJ operon structure is conserved 
in M. tuberculoses an<i>consistent with the conclusion that 
the mycobacteriail^71-TcDa: antigen is a homologue of the E. 
col i dnaK bene productf . The" product of the dnaK gene is a 

20 member "of the 70-kDa heat * shock protein family that is 
highly conserved among prokaryotes and eukaryotes 
(Bardweilvrr CM2v .icatr al^. j Proc. Natl. Acad. Sci.. USA , 81 : 
84 8 - 852 ( 19*4) ; Lindquist , S., fiMlUt RSY, BAQPheiHu 55: 

iisi-1191 'Ci^eyV^ 

25 The M. leprae 70 -k Da antigen cross-reacts with 

monoclonal-, a^tiboc^es, directed to the M. tuberculosis 70- 
kDa antigenv tuberculosis and M. leprae are both 
members^ of ; the 7G^k Da heat shock protein family of stress 
proteins. 

30 The mycobacterial 65-kDa antigen. The 65-kDa 

antigens of M. tuberculosis and ty T lepras are involved in 
the human T-cell response to mycobacterial infection 
(Table 1) . Genes encoding these proteins have been 
isolated (Husson, R.N., and Young, R.A., PrPCi NflUi Acad. 

35 Sci. . USA , 84: 1679-1683 (1987); Young, R»A. , et al., 
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Nature , (London) 316: 450-452 (1985)) and sequenced 
(Shinnick, T.M., J. Bacteriol . , 169: 1080-1088 (1987); 
Mehram, V., £t al. . Proc. Natl, Acad. Sci.. nsa 83: 7013- 
7017 (1986)), revealing that the amino acid sequences of 
5 the 65-kDa antigens of MY tuberculosis (SEQ ID NO: 4) and 
M. leprae (SEft.ID .NO: ' 3) are 95%. identical . These 
proteins sequences.^ exhibited sequence 
similarity to proteins in the GenBaiJk database, 

Id6htiMfe¥ti6n of 1 tKe^e^^roteihs was based on the 

10 observation"^^ 11 ibm antibodies directed 

against the mycobacterial 65-kDa antigens cross-react with 
an Ev colj: protein -of .60kDa. E, coli cells transformed 
with the plasmid pND5 (Sanger, F., fit al. . Proc. Natl. 
Acs*. Sci^: C US^ ^ 7 S46^5467 (1977) , which contains the 

is E . coli aro E genes , had lbeen shown to accumulate large 
amounts of the 60 -kDa.. protein. A comparison of the 
mycobacterial 65-kDa protein sequences with those 
determined for E^r coli^aroEl (C. Woolford, K. Tilly # C. 
Georgopoulous, and R.H., unpublished data) revealed the 

20 extent of the sequence similarity as shown in Figure IB. 

The 6.&T major strelss protein 

in E. coli . Lindquist, S., Annual . Rev . Biochem . , 55: 
1151-1191 M98^) ; Ea£a£ff^ 333 :~330>334^ (198B)- . <a,There- is 
some evidence thit the mycobacterial 65-kDa proteins 

25 accumulate in response to stress : Mycobacterium bovis BCG 
(bacillus Calmette-Guerin) cultures grown in zinc- 
deficient medium are substantially enriched in this 
protein (Da; Bruyn,- J,; efc al'. ; Infect. - rmtminz 55: -245-252 
(1987)). This infers that the 65-kDa proteins of 

30 tuberculosis and M. leprae are homolooues of the E. cqli 
Gro EL protein. 

Other Myco bacterial Antigens. T lymphocytes that 
respond- to the M. tuberculosis 19-kDa: antigen and the iL. 
leprae 18 -kDa antigen have been observed in humans with 

35 tuberculosis and leprosy, respectively (Table 1) . DNA 
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encoding these antigens was sequenced from the Xgtll 
clones Y3148 (Husson, R.N. and Young, R.A., Proc. Natl. 
Acad. Sci. . USA 84: 1679-1683 (1987); and Y3 179 (Young, 
R.A. , al. .Nature, (London).; 316 : 450-452 (1985)*) , '" 
5 respectively. The M. tuberculosis 19-kDa protein sequence 
predicted .from the DNA. .exhibited no significant, sequence 
similarity 1 " to proteins in- the GenBank database. 

However, the M. leprae 18-kDa protein sequence was 
similar to the soybean A7-1cba proteixT heat shock protein , 
10 a protein representation of a major class of plant heat 
shoekL-protjeins iSchof £ki R« and Vauv Bogeleiv* HvAe;*. -Iflt 
. Escherichia coli arid^ Salmonella tvplramurium. Cellular and 
Molecular Biology, Am. Soc. Microbiol., Washington, D.C. 

(1987)7 rhr oi " z ^ "~ Ua :hr ;"; r '~ : - 1 

15 EXAMPLE 2 Construction of: Stress- Protein*- Fusion Vaccines 
tQj Vse as Adjuvant -Free CcprrjLeys ip 

^mpjtni?;qt;ions 

Recombinant Fusion Vectors. A series of stress 
protein fusion vectors for use- in E.. coli .were constructed 

20 and are shown in Figured. These vectors contain the T7 
. RNA polymerase promoter fused to the M. bovis BCG hsp70 
gene of the m! bovifT BC6 hspStf' gene. The vectors? also 
contain a polylinker with multiple cloning sites, 
permitting: incorporation o£ agene of interest so . that the 

25 antigen encoded by that gene is Expressed as a fusion 
protein with the stress protein. A subset of these 
vectors" permit incorporation of the foreign gene with a 
coding sequence for a C-terminal 6-Histidine "tag" for 
ease of fusion protein purifia^t ion , : - Thus, far, 

30 recombinant clones have been generated that produce hsp70 
proteins fused to HIV gag and HIV pol proteins. 
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Purification of stress protein fusions. Two 
strategies have been developed to purify the recombinant 
fusion proteins. The T7 system usually produces such 
large amounts of protein that it forms inclusion bodies, 
5 permitting purification by centrifugation. The 

preliminary: results indicate that an hsp70-HIV gag fusion 
protein accounts for about 20* of total coll -protein in 
the T7 system. If necessary, other fusion proteins can be 
purified via the 6-Histidinet "tag"! 

10 EXAMPLES : ADJUVANT FREE CARRIER-. EFFECT QFl HSP7fr^ VTVO 
The stress protein fusion vector pKS70 (figure 6), 
containing the T7 RNA polymerase promoter, a polylinker 
and the mycobacterial^ tuberculosis hsp.70 gene, was : . 
constructed. The HIV p24 gag gene was subcloned into 

is pKS70 using* the Mctel ^ arid :-BatnHI" sites' and- the -resulting- 
pKS72 vector (Figure 6) was used to produce the p2 1 4~-hsp70 
fusion protein in E. r coli. The fusion protein yas 
purified as inclusion bodies and further purified using 
ATP- agarose chromatography and MonoQ ion exchange 

20 chromatography^ -* ! - - - -•• : = 

The p24-hsp70 protein in phosphate buffered saline 
( PBS ) , in the absence of an adjuvant , was in j ected 
intraperitoneally into Balb/c mice. As controls, the p24 
protein alone in PBS or the hsp70 protein alone in PBS was 

25 injectedr inta different groups of mice". " Three weeks - 
late*, the mice were boosted and finally, three weeks 
after the boost, the mice were bled. The anti-p24 
antibody titer was, then determinedi by ELISA. Mice - 
injected with 25 pmoles of p24-hsp70 had antibody levels 

30 2.7-orders of magnitude higher^ than mice injected with p24 
alone or hsp70 alone (Figure 7) . Results of experiments 
in which mice were injected with p24 and the adjuvant, 
alum, also, showed that there was an antibody response to 
p24. In addition, mice injected with the p24-hsp70 fusion 
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protein and mice injected with p24 alone produced a 
demonstrable T cell response. 

Egqiyalgntg r=-; 

Those skilled in the art will recognize, or be able 
5 to ascertain iisin£ no more "than routine ! 'experiment at ion, 
many equivalents to the specific embodiments of the 
; inyenti^^ herein. Such equivalents 

are intended to be encompassed in the scope of the 
f ollowfri^'cTaiiSar^ c — ?.ts?tcs- 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(if Apj&icantsY Whitehead" Institute for Bi^ Research 
: " and 

Medical Research Council 

(i'if TITL2 6? INVENT idtii Stress "Proteins and Uses Therefore 

(iii) NUMBER OF SEQUENCES: 4 

{ivj CORRESPONDENCE ADDRESS : " 

(A) ADDRESSEE: Hamilton, Brook, Smith & Reynolds, P.C. 

;\£) *shsBt: ;2;Miiitii a D£fve Aia --v'- 41 — - 

(C) CITY: Lexington 

(D) STATE: J^A^ ; , 

(i) COXJOTRY: "USA** ' 7!T 
(F) ZIP: 02173 

(vY OTMPOTER READABLE FORM:" ' 
(A) MEDIUM TYPE: Floppy disk 
, ( B ) _ COMPUTER : IBJ4 PC , c ompa t ibl e 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 

(vif CURRENT APPLICATION DATA: ~~ 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION; " 7' -~ 

(Vii) PRIOR APPLICATION DATA : 

(A) APPLICATION NUMBER: US 08/073,381 

(B) FILING DATE: 04 June 1993 
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(vlii) ATTORNEY/ AGENT - INFORMATION : - - .- 

(A) NAME: Granahan, Patricia 
.(B) REGI STRATIO?! . NUMBER : ^ 3 2 , 2 2 7^ , Va . 
<C) REFERENCE/DOCKET NUMBER: , WHI88 -08AFA2 

(ix)„ TELECOMMUNICATION- INFORMATION ^ : .,./ ^ 
(A) TELEPHONE: (617) 861^6240~ * 



(2) INFORMATION FOR SEQ ID NO:l: "~ 
Ji)^ SEQUENCE , CHAJIACTERISTICS i . _ 

'I' (A) LiNGTH: 575 amino acids * "" "*' 
(B) TYPE: amino acid 
; . (p) .TOPOLOGY:, linear. . , , . _ ..... .J^ 

(ii) MOLECULE TYPETprotein 



(xi) SEQUENCE DESCRIPTION; . SEQ, ID .NO:l:, r _ . . ^ - l a 

Met Leu Arg Leu Pro Thr Val Phe Arg Gin Met Arg Pro V*l Ser Arg 

1 . ... ,... jf ,. r 1?.. -,. s 1 IS, 

Val Leu Ala Pro His Leu Thr Arg Ala Tyr Ala Lys Asp Val Lys Phe 

20 . 25 30 



Gly Ala Asp Ala Arg Ala Leu Met Leu Gin Gly Val Asp Leu Leu Ala 

35_ . ; . .. 40 . jV 45 

Asp Ala Val Ala Val Thr Met Gly Pro Lys Gly Arg Thr Val lie He 

SO . _ 55 ...... 60 , 

Glu Gin Ser Trp Gly Ser Pro Lys Val Thr Lys Asp Gly Val Thr Val 
65 70 75 80 
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Ala Lys Ser He Asp Leu Lys Asp Lys Tyr Lys Asn lie Gly Ala Lys 
85 90 95 

Leu Val Gin Asp Val Ala Asn Asn Thr Asn Glu Glu Ala Gly Asp Gly 



Thr Thr Thr Ala Thr Val Leu Ala Arg Ser He Ala Lys Glu Gly Phe 



115 



120 



125 



Glu Lys He Ser Lys Gly Ala Asn Pro Val Glu He Arg Arg Gly Val 

U * 130 y *" zl ' r lis :ly I4& 



Met Leu Ala Val Asp Ala Val He Ala Glu Leu Lys Lys Gin Ser Lys 

155 160 



Pro Val^Tnr^Thr^Pro 6iu~6ru lie Ala Gin Val Ala Thr He Ser Ala 

175 



165 ~° 170 



Asn Gly Asp" Lys Glu ile Gly Asn lie He Ser Asp Ala Met Lys Lys 
180 185 190 



Val Gly Arg Lys Gly Val He Thr Val Lys Asp Gly Lys Thr Leu Asn 
195 200 205 

Asp Glu f^u Glu lie lie Glu Gly Met Lys Phe Asp Arg Gly Tyr He 
210 215 220 

Ser Pro Tyr Phe lie Asn Thr Ser Lys Gly Gin Lys Cys Glu Phe Gin 
225 230 235 _ 240 

Asp Ala Tyr Val Leu Leu Ser Glu Lys Lys He Ser Ser lie Gin Ser 
245 250 255 

He Val Pro Ala Leu Glu He Ala Asn Ala His Arg Lys Pro Leu Val 
260 265 270 



He He Ala Glu Asp Val Asp Gly Glu Ala Leu Ser Thr Leu Val Leu 
275 280 285 



Asn Arg Leu Lys Val Gly Leu Gin Val Val Ala Val Lys Ala Pro Gly 
290 295 300 
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Phe Gly Asp Asn Arg Lys Asn Gin Leu Lys Asp Met Ala lie Ala Thr 
305 310 315 320 



Gly Gly Ala Val Phe Gly Glu Glii Gly Leu Thr Leu Asn Leu Glu Asp 
325 > 330 335 

Val Gin PrS His Asp Leu Gly Lys Val Gly Glii Val lie Val Thr Lys 
340 * 345 - ■■ 350 

Asp Asp Ala Met Leu Leu Lys Gly Lys Gly Asp Lys Ala Gin lie Glu 

7i ; 355 360 - — 365 

Lys Arg 116 Gin Gla ile lie G1Q Gin Leu Asp Val thr Thr Ser Glu 

I'l 370 375 - -V- 380 

Tyr Glu Lya Glu Lys Leu Asn Glu Arg Lett At* Lys Leu Ser Asp Gly 

385 1*5 390 395 'Z 400 

Val Ala Val Leu Lys- Val Gly Gly Thr Ser Asp Val Glu Val Asn 61u 
:o 405 410 - V 415 

Lys Lys- Asp Arg: Val' Thr Asp Ala Leu Asa Ala Thr Arg- Ala Ala Val 

:\-r 420 • 425 - - 430 

Glu Glu\ Gly, Ile VaL Leu Gly Gly Gly Cy* Ala- Leu Leu Arg Cys lie 

j_C 435 ^15 440 445 

Pro Ala Leu- Asp Ser Leu Thr Pro Ala Asxr Glu: Asp- Gin- Lys Ile- Gly 
_ 450 . 455 460 

lie Glu> lie: lie Lys: Arg: Thr Leu Lys: He prd Alar MetT Thr Ila Ala 
465 470 475 :r 480 

Lys? Asm Ala Gly Val Glu Gly Ser Leu lie Val- Glu Lys lie Met Gin 
c;-v 485 490 495 

Ser- Ser Ser, Glu. Val Gly Tyr Asp Ala Met- Ala Gly Asp Phe Val Asn 
500 505 510 

Metr Val: Glu. Lys- Gly lie lie Asp Pro Thr- Lys- Val Val Arg- Thr Ala 
515 520 525 
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Leu Leu Asp Ala Ala Gly Val Ala Ser Leu Leu Thr Thr Ala Glu Val 
530 535 540 

Val Val Thr Glu lie Pro Lys Glu Glu Lys Asp Pro Gly Met Gly Ala 
545 - 550 555 . 560 

Met Gly Gly Met Gly Gly Xaa Xaa Gly Met Gly GOy Gly Met ^he 
-i- 565* 570 ;v; 575 

(2) INFORMATION FOR: SB* ID' ^ly vi., -ly Asp Thr a« a.;^ ;i; — 
3^5 7-0 
(i) SEQUENCE CHARACTERISTICS: 

" - - ^-^) V; IiEMCSTH:3^97£ ^inaj acidaAl . Uc.'Jlu Asr. der ."*sp r 
■ : (£) TYPE: amino acid' 5 j^c 
(D) TOPOLOGY: linear 

7 ~ A-.p A~T- 3iu L.V3 7-au "7 In Al '_i --rt? Leu Aia llvs Leu A.id .7 1 v 
fi£) MOLECULE TYPE: protein :ss 



■s. • -v.ta /d.i. ■■ .: * "-<'_-'S AiS -' iy A A---.?. 7 ~, f V"iJL G.L « * *„ v"-* ~ • 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
15 10 15 

Uv Iltf \Ai_L A^;i _,.,y "l" 7-y 7br Ala 

Xaa Met Ala Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ala Lys Asp Val Lys Phe 
20 25 30 

-*<:~ i-iLt '..211 A;=p l':7S L^<1 " */5 7i£± U " TIP "71;/ Afit? J" '• \1 - "'.i.' -'"1 ■* 

Gly Ash Asp Ala Arg Val Lys Met Leu Arg Gly Val Asn Val Leu Ala 
35 40 45 

Asp Ala Val Lys Val : fnr Leu Gly Pro Lys "Gly Arg Asn Val Val Leu 

50 55 60 

Asp Lys Ser Phe Gly Ala Pro Thr He Thr Lys Asp Gly Val Ser Val 
65 70 75 80 

Ala Arg Glu : lie Glu Pro Glu Asp Lys Phe Glu Asn Met Gly Ala Gin 
85 90 95 
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Met Val Lys Glu Val Ala Ser Lys Ala Asn Asp Ala Ala Gly Asp Gly 
100 105 110 

Thr Thr Thr Ala Thr Val Leu Ala Gin Ala lie He Thr Glu Gly Leu 
115 120 125 

Lys Ala Val Ala Ala* Gly Met Asn Pro Met Asp Leu Lys Arg Gly He 
130 135 140 

Asp Lys Ala Val Thr Ala Ala Val Glu Glu Leu Lys Ala Leu Ser Val 

145 AZQiKvzs :;:!:j^AC^(j::*ri--: i 55 160 

Pro CyssserTAsp SenXyff^a.a He Ala Gin Val Gly Thr He Ser Ala 

■v) TO?CLCCi65:- ".sear 170 175 " 

AOT Ser. Asp^lsr^ir :Va*:01y Lys Leu He Ala Glu Ala Met Asp Lys 
160 165 190 

Val Gly Lys Glu Gly Val He Thr Val Glu Asp Gly Thr Gly Leu Gin 

^cQOaS^S: :X$ZilZ-*TZC:4: iS0(TX i'O ; = ■ 205 

Asp. Olu, Leua. Asp: Val* Va2a Gltt Gly» Met* Gin: Phei Asp> Arg- Gly^ Tyir Letr 
• 210 s 215 : : 220 

Seaii pro= Tyra Phe* Ilea Asm Lys^ Pro* Glu- Thr- Gly^ Ala- Val- Glu Leu 1 Glu ' 
225 230 ■ :: 235 • 240 

Ser- Pro., Phjeu Ilea Letr Leu- Ala;/ Asp Lys-. Lys~ He Ser - Asn^ Ile^ Arg Glu 
245 250 ■ 255 

Met?: Leu. Pre Val ; Leu. GlurAlau val ; AlaPLys Ala Gly Ly& Pro- Leu Leu 

: u 260 : : 265 ^ - 270 

Il^Ile-AlabGluvAsp Val^Glu- GlyrGlir AlaPLeu Ala : Thr Ala Val val^ 
= 275 280 285 



Asn Thr . lie . Arg i Gly j He Val - Lys Val Aid - Ala -Val Lys Ala Pro Gly 
290 - 295 300 
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Phe Gly Asp Arg Arg Lys Ala Met Leu Gin Asp lie Ala Thr Leu Thr 
305 310 315 320 

Gly Gly Thr Val He Ser Glu Glu Xaa lie Gly Met Glu Leu Glu Lye 
325 330 335 

Ala Thr Leu Glu Asp*Leu Gly Gin Ala Lys Arg Val Val lie Asn Lys 

340 . -2Z 345 , • :j 350 

*? 

Asp Thr Thr Thr lie lie Asp Gly Val Gly Glu Gin Ala Ala /He Bin 

355 IS -J 360 ::::: 365 

Gly Arg val Ala Gin lie Arg Gin Gin lie Glu -XELu Ala Thr Ser Asp 

370 375 1^0 . 380 V 

Tyr Asp Arg Glu Lys Leu Gin GTu *rg vsi Ala l*rU Ma Gly Gly 
385 390 ^35- 395 400 

Vai Ala Val lie Lys Val Gly Ala Ma Thr 432u Val Glu 'theft Lys Glu 
- 405 410 = 4 15 

Lys Lys Ala Arg Val Glu Asp Ala Leu His Ala ^Thr Ar*? Ala Ala Val 

J " 420 - - 425 -•■i'>- 430 

Glu Glu Gly Val Val Ala Giy (Sly <&y Val Ala Leu lie Arg Val Ala 

-2= 435 440 445 ' - < ~ 

Ser Lys Leu Ala Asfr Leu Ar§ Gly Gin Asn Glu Asp Gin Asn 47al Val 
450 455 - 460 

Ser Ser Ser Leu X&a, Arg Ala Met Glu Ala Pro Leu Arg Gin 

465 470 -- " : - 475 

Leu Asn Cys Gly Glu Glu Pro Ser Val Val Ala ASh thr Val Lys Gly 
485 490 49S 

Gly Asp Gly Asn Tyr Gly Tyr Asn Ala Ala Thr Glu Glu Tyr Gly Asn 
500. 505 510 



lie Val 
480 
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Met He Asp Met Gly He Leu Asp Pro Thr Lys Val Thr Arg Ser Ala 
515 520 525 

Leu Gin Tyr: Ala -Ala -Ser Val Ala Gly Leu Met He Thr Thr Glu Cys 
530 535 540 

Met. Val.:Thr~AsprLeu*Pro-Lye Asn Asp-Xaa Ala Ala-Asp Leu-Gly Ala 
545 -i 550 555 560 

Alar-Gly Gly Met: Gly .Gly: Met -Gly Gly Met Gly-Gly MetrMet Xaa- 
:s 565 • 570 575 

(2) INFORMATION - FOR J SEQ L ID NO : 3 J* " 

(i) SEQUENCE CHARACTERISTICS: 

(Ah LENGTH: 573 amino lacida 
- (B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE ; protein 




(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Met Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
15 10 15 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ala Lys Thr He Ala Tyr 
20 25 30 

Asp Glu Glu Ala Arg Arg .Gly Leu Glu Arg Gly Leu Asn Ser Leu Ala 
35 40 45 

Asp Ala Val Lys Val Thr Leu Gly Pro Lys Gly Arg Asn Val Val Leu 
50 55 60 

Glu Lys Lys Trp -Gly Ala Pro Thr lie Thr Asn Asp Gly Val Ser He 
65 70 75 80 
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Ala Lys Glu lie Glu Leu Glu Asp Pro Tyr Glu Lys lie Gly Ala Glu 
85 90 95 

Leu Val Lys Glu Val Ala Lys Lys Thr Asp Asp Val Ala Gly Asp Gly 

- 100 - " - 105 „ r -„ ; 110 .\ 

Thr Thr Thr Ala Thr Val Leu Ala Gin Ala Leu Val Lys Glu Gly Leu 

115 - ~ • " - 120 : 125 

Arg Asn Val Ala Ala Gly Ala Asn Pro Leu Gly Leu Lys Arg Gly lie 
:i 13 q j-33 ~iv 140 ,. 

Glu Lys Ala Val Asp Lys Val Thr Glu Thr Leu Leu Lys Asp Ala Lys 
145 150 155 160 

Glu Val Glu Thr Lys Glu Gin lie Ala Ala Thr Ala Ala lie Ser Ala 
165 170 175 

Xaa Gly Asp Gin Ser lie Gly Asp Leu He Ala Glu Ala Met Asp Lys 
1B0 185 190 

Val Gly Asn Glu Gly Val lie Thr Val Glu Glu Ser Asn Thr Phe Gly 
195 200 205 

Leu Gin Leu Glu Leu Thr Glu Gly Met Arg Phe Asp Lys Gly Tyr He 
210 215 220 

Ser Gly Tyr Phe Val Thr Asp Ala Glu Arg Gin Glu Ala Val Leu Glu 
225 230 235 240 

Glu Pro Tyr He Leu Leu Val Ser Ser Lys Val Ser Thr Val Lys Asp 
245 250 255 

Leu Leu Pro Leu Leu Glu Lys Val He Gin Ala Gly Lys Ser Leu Leu 
260 265 270 

lie He Ala Glu Asp Val Glu Gly Glu Ala Leu Ser Thr Leu Val Val 
275 280 285 



Asn Lys He Arg Gly Thr Phe Lys Ser Val Ala Val Lys Ala Pro Gly 
290 295 300 
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Phe Gly Asp Arg Arg Lys Ala Met Leu Gin Asp Met Ala lie Leu Thr 
305 310 315 320 

Gly Ala Gin Val He Ser Glu Glu Xaa Val Gly Leu Thr Leu Glu Asn 
325 330 335 

Thr Asp Leu Ser Leu Leu Gly Lys Ala Arg Lys Val Val Met Thr Lys 

: . v :-.- z..-340v • "vr^:: »: .'345-: • - : : 350 : — " 

Asp Glu Thr Thr lie Val Glu Gly Ala^Gly^Aap Thr Asp Ala He Ala 

I Gly ^ Val Ala Gla lie ; Arg- Thr olu 'lle Glu Ash r Ser Asp" Ser Asp : : 

37a : -ir. f:.= -J."ij 375- C£l* h"--»V-i.'i :,;180CO*l :c*c::jv ./•i- 

Tyr Asp Arg Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly 
385 390 395 400 

Val Ala: Val - Her. Lys: Ala Gly^ Al a Al a " Thr " Glu- Vai Glir • Leu ; Lya Glu 

Arg Lys His Arg ?le Giu Asp Ala Val Arg Asn Ala Lys Ala Ala Val 
420" ~- 425 430 

Glu Glu Gly He. Val; Ala Gly Gly- Gly Val -Tar Leu Leu Gin Ala Ala 

.. % -*35c- ir .*o.. 440 445 

Pro Ala Leu Asp Lys Leu Lys Leu Thr Gly Asp Glu Ala Thr Xaa Gly 

450 VSS !i ""460'"" 

Ala Asm. He val LysrVal Ala Leu Glu Ala :pr> LeU' Lys: Gin lie Ala 

465 -.vjiJ. „ 4 ?^.. * ■■■ 'ATfe-jur-.^. : 480 

Phe Asn Ser Gly Met Glu Pro Gly Val Val Ala Glu Lys Val Arg Asn 
" * "485 490 495 

Leu Ser Val: Gly Hisi Gly Leu Asn Ala Ala Thr" Gly Glu Tyr Glu Asp 

. 500 ^ 505, -- . 510 „ . 

Leu Leu Lys Ala Gly Val Ala Asp Pro Val Lys Val Thr Arg Ser Ala 

; S15 520-" " 525 
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Leu Gin Asn Ala Ala Ser He Ala Gly Leu Phe Thr Thr Xaa Glu Ala 
530 535 540 

Val Val Ala Asp Lys Pro Glu Lys Thr Aia Ala Pro Ala Ser Asp Pro 

545 : ."J:"-. 550 4S5 560 

Thr Gly Gly Met Gly Gly Xaa Met Asp Xaa Xaa Xaa Phe 
565* _ . .. . ... _ ^ 570 

(2) INFORMATION" FOR SEQ TO' NO 4V ~ ~ ~ " ' " " . - 

(i) SEQUENCE CHARACTERISTICS :o ~ "-;r. r l. :; • .: ;.- 

(A>- LENGTH: 573 amno j^cid* r ^ v . Hrj . ; . 3ai 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



Ui> MOtECDLE'TYPEi protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Xaa Xaa Xaa : Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

1 • " • " 5 - - ~ 10 15 

Xaa Xaa- Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ala Lys. Thr_ lie Ala Tyr 
" 20 ~25 30 

Asp Glu Glu Ala Arg -Arg Gly Leu Glu Arg Gly Leu Asn Ala Leu Ala 

- 35 . -j--ir.:iv. 40 - »■ - ••- 45. : . 

Asp Ala Val, Lys VaX Thr Leu Gly Pro Lys Gly Arg Asn Val Val Leu 

50 ■ . 55 _ 60 

Glu Lys Lys Trp Gly Ala Pro Thr He Thr Asn Asp Gly Val Ser He 

65 • 70 "- " 75. 80 

Ala Lys Glu He Glu Leu Glu Asp Pro Tyr Glu Lys He Gly Ala Glu 
85 90 95 
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Leu Val Lys Glu Val Ala Lys Lys Thr Asp Asp Val Ala Gly Asp Gly 
100 105 no 

Thr Thr thr Ala Thr* Val Leu Ala Gin Ala Leu Arg Lys~Glu Gly Leu 

■ 115 lU ^ : *'- z ~ :: — 120 1 - 1 125 

Arg ^n- Val Ala Ala >Gly AlaiAsn; Pro . Leu Gly . Leu~Lys ;Arg; Gly lie 

Glu Lys~Ala Vai G1U Lys Val Thr Glu THhr Leu Leu Lys Gly" Ala Lys 

145 i.c:: J^'ise^-^ = . -y c ~ - r ^ l -~ : ~~i« 

Glu Val Glu, J?hr- Lyat: Glu ^ Ola- aea Ala Thr Ala Ala lie Ser Ala 
165 170 . 175 

* Xaa (Sly iksp din Ser lie Gly Asp 7 Leu * 'lie '^ik^Qlu ^i'^fiii^ksp' 

Val Gly : Asn- Glu f <^y^ Vrt, lie L Thr :Val Glu Glu Ser, Asn Thresher £ly 

; ; 195 . _ ^ ^ _200_ : _ . , ^ 205 

Leu . Gin Leu Glu Leu Thr Glu Gly Met Arg Phe Asp Lys Gly Tyr He 

:.b . 2ia-'^«-™2 "'~ r 215 : -■----'..■"/ 220 :iU "- - = f - ■"- 

Ser Gly t Tyr Phe VaJL Thr, Asp Pro,. Glu- Arg Gin Glu. : Ala -Val :Leu : Glu 

225 _ , 230 . ..- • - - .235 „ . ... . 240 

Asp Prb~Tyr'l£e Leu Leu Val Ser Ser Lys Val Ser Thr Val Lys Asp" 

245 - ;r - « ~ : * ? ~ 2S<> ~> ■ ■ 255~ 

Leu Leu^PxoLLeu Leu Glu Lys Val lie Gly Ala Gly Lys Pro. Leu Leu 
260 265; 270 

He He Ala Glu Asp Val Glu Gly Glu Ala Leu Ser Thr Leu Val Val 

27S~ - 2B0 285 1 J : ~ : 

Asn Lys He Arg Gly Thr . Phe Lys Ser Val Ala Val Lys Ala Pro Gly - 

290 295 k . „ 300, _ 
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Phe Gly Asp Arg Arg Lys Ala Met Leu Gin Asp Met Ala lie Leu Thr 
305 310 315 320 

Gly Gly Gin Val lie Ser Glu Glu Xaa Val Gly Leu Thr Leu Glu Asn 

■"- ■ ■• 325 ' 330 335 

Ala Asp Leu Ser Leu* Leu Gly Lys Ala Arg Lys Val Val Val Thr Lys 
. . 340 . 345 _ 350 

Asp Glu Thr Thr lie Val Glu Gly Ala" Gly Asp Thr Asp Ala lie Ala 

355 ■■ - 365 : ' ' 

Gly Arg Val Ala Gin lie. Arg Gin Glu lie Glu Asn Ser Asp Ser Asp 

_370 375 380 

Tyr Asp Arg Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly 

385 : 390 7 395" ' : " 400 

Val Ala Val lie Lys. Ala Gly Ala Ala Thr Glu Val Glu Leu Lys Glu 

405 . .. 410 . 415 

Arg Lys His Arg lie Glu Asp Ala Val Arg Asn Ala Lys Ala Ala Val 
420 425 430 

Glu Glu Gly lie Val Ala Gly, Gly Gly Val Thr Leu Leu Gin Ala Ala 
435. 440 445 

Pro Thr Leu Asp Glu Leu~ Lys Xaa "Leu Glu Gly Asp Glu Ala Thr Gly 
450 455 : 460 

Ala Asn lie Val Lys Val Ala Leu Glu Ala Pro Leu Lys Gin He Ala 

465 470 ... 475 480 

Phe Asn Ser Gly Leu Glu Pro Gly Val Val Ala Glu Lys Val Arg Asn 
485 490 495 



Leu Pro Ala Gly His Gly Leu Asn. Ala Gin Thr Gly Val Tyr Glu Asp 

500 . .„ 505 510 
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Leu Leu Ala Ala Gly Val Ala Asp Pro Val Lys Val Thr Arg Ser Ala 
515 520 525 

Leu Glii Asn Ala Ala Ser lie Ala Gly Leu Phe Leu Thr Thr Glu Ala 
530 535 540 

Val Val Ala Asp Lys*Pra.Glu Lys Glu Lys Ala Ser Val Pro Gly Xaa 
545 550 555 560 

Xaa Xaa Xaa Xaa Gly Gly Asp Met Gly Gly Met Asp Phe 

• -565 ~ • 57a - : " - " - - . 
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CLAIMS 

1. A fusion protein comprising a stress protein fused to 
a protein against which an immune response is 
desired. - 

s 2. The fusion protein of Claim 1 wherein the stress 

protein is a_,heat shock protein and the protein is a 
human immunodeficiency viral protein. 

3. The fusion protein of Claim 2 wherein : the heat shock 
protein is hsp70 : and the human. immimodeficiency viral 

10 protein is p24 protein . : : j _ 

4. A vaccine comprising all or. a -portion of a stress 
protein which. induces. an immune response in an 
individual:; to whom it is administered, or all or a 
portion. of . a protein having an amino acid sequence 

is sufficiently homologous to the amino acid sequence of 

the stress protein to be capable of inducing an 
immune response- in an individual^ to whom it is 
administered. ..... 

5. A vaccine of: Claim 4 in which the stress protein is a 
20 mycobacterial . stress protein or a protein having an 

amino acid, sequence sufficiently homologous to the 
amino acid sequence of the mycobacterial stress 
protein to induce an immune response in the 
individual to whom it is administered. 

25 6. A vaccine for use in enhancing in an individual the 
immune response to a pathogen f comprising all or a 
portion of a stress protein of the pathogen against 
which the enhanced response is desired. 
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7. A vaccine of Claim 6 in which the stress protein is 
selected from the group consisting of: mycobacterial 
stress proteins, bacterial stress proteins, fungal 
stress proteins, viral stress proteins and parasitic 

5 stress proteins. 

8. A composition comprising all or a portion of a 
selected stress protein, for use in producing or 
enhancing an immune response -in an individual, 
wherein the stress protein is in sufficient quantity 

io to elicit the desired immune response . 

9. A composition comprising a -stress -protein for use in 
immunizing an individual against a subsequent 
infection by a pathogen, wherein the stress protein 
is in sufficient quantity to produce an immune 

is response, to the stress protein, 

10. The composition of Claim 9 wherein the stress protein 
is a stress protein of the pathogen* 

11. A composition comprising all or a portion of a stress 
protein or all or a portion of a protein having an 

20 amino acid -sequence sufficiently homologous to the 

amino acid sequence of the stress protein for use in 
inducing in an individual immune tolerance against a 
protein, under conditions appropriate for induction 
of the desired tolerance. 



A composition of Claim 11,- wherein the protein is a 
protein associated with rheumatoid arthritis. 

A vaccine, for use in inducing an immune response in 
an- individual comprising all or a portion of a stress 
protein or all or a portion of a protein having an 
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amino acid sequence sufficiently homologous to the 
amino acid sequence of the stress protein conjugated 
to a substance to which an immune response is desired 
or to a portion of the substance sufficient to induce 
5 an immune response in an individual. 

14. A vaccine of Claim 13 in which the stress protein is 
a mycobacterial stress protein, or a protein having an 
amino acid sequence sufficiently homologous to the 
amino acid sequence of the mycobacterial stress 

10 protein to induce an immune response in an individual 

to whom it is administered. 

15 . A vaccine of Claim 13 in which the substance against 
which an immune response is desired is selected from 
the group consisting of: proteins, peptides , 

15 oligosaccharides, lipids, carbohydrates, organic 

molecules and a combination thereof. 

16 . A vaccine for use in inducing an immune response in 
am individual comprising a recombinant fusion protein 
which includes all or a portion of a stress protein 

20 or all or a portion of a protein having an amino acid 

sequence sufficiently homologous to the amino acid 
sequence of the stress protein fused to a substance 
against which an immune response is desired or to a 
portion of the substance sufficient to induce an 

25 immune response in an individual, 

17. A vaccine of Claim 16 in which the stress protein is 
a mycobacterial stress protein or a protein having an 
amino acid sequence sufficiently homologous to the 
amino acid sequence of the mycobacterial stress 

30 protein to induce an immune response in an individual 

to whom it is administered. 
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18. A vaccine of Claim 17 in which the protein is the HIV 
gag or pol protein. 

19. A composition for use as an agent to induce immune 
tolerance, comprising a stress protein conjugated to 

5 a substance to which an immune response is desired. 

20. A vaccine for use in enhancing in an individual an 
immune response, comprising all or a portion of a 
stress protein conjugated to a substance to which an 
immune response is desired or to a portion of the 

10 substance sufficient to enhance.. an immune response in 

the individual . 

21. A vaccine of Claim 20 in which the stress protein is 
selected from the group consisting of: mycobacterial 
stress proteins, bacterial stress proteins, fungal 

15 stress proteins, viral stress proteins and parasitic 

stress proteins. 

22. A composition comprising a stress protein for use in 
producing or enhancing an immune response in an 
individual, wherein the stress protein is in 

20 sufficient quantity to elicit the desired immune 

response, and the stress protein is conjugated to a 
substance against which an immune response is desired 
or to a portion of the substance sufficient to 
produce or enhance an immune response in the 

25 individual . 

23. A composition comprising a stress protein for use in 
immunizing an individual against a subsequent 
infection by a pathogen, wherein the stress protein 
is in sufficient quantity to produce an immune 

30 response sufficient to protect the individual against 
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subsequent infection by the pathogen, and the stress 
protein is conjugated to a substance against which an 
immune response is desired or to a portion of the 
substance sufficient to produce an immune response in 
5 the individual. 

24 . A vaccine f or* use in inducing an immune response in 

an individual comprising all or a portion of a stress 
protein or all or a portion of a protein having an 
amino acid sequence sufficiently homologous to the 
10 amino acid sequence of the stress protein and a 

substance against which an immune response is- desired 
or to a portion of the substance sufficient to induce 
an immune response in an individual. 



the stress protein is 
or a protein having an 



25, A vaccine of Claim 24 in which 
is a mycobacterial stress protein 

amino acid sequence sufficiently homologous to the 
amino acid sequence of the mycobacterial stress 
protein to induce an immune response in an individual 
to whom it is administered. 



20 26. A vaccine of Claim 24 in which the substance against 
which an immune response is desired is selected from 
the group consisting of: proteins, peptides , 
oligosaccharides, lipids, carbohydrates/ organic 
molecules and any combination thereof . 

25 27. A composition for use as an agent to induce immune 
tolerance, comprising a stress protein and a 
substance to which an immune response is desired. 



30 



28. 



A vaccine for use in enhancing in an individual an 
immune response, comprising all or a portion of a 
stress protein and either a substance to which an 
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immune response is desired or a portion of the 
substance sufficient to enhance an immune response in 
the individual. 



29. A vaccine of Claim 28 in which the stress protein is 

s selected from the group consisting of: mycobacterial 

stress proteins, bacterial stress proteins, fungal 
stress proteins, viral stress proteins and parasitic 
stress proteins. 

30. A composition comprising a stress protein and a 

10 substance against which an immune response is desired 

or a portion of the substance sufficient to produce 
or enhance an immune response in an individual for 
use in producing or enhancing an immune response in 
an individual, wherein the stress protein is in 

15 sufficient quantity to elicit the desired immune 

response . 

31. A composition comprising a stress protein and a 
substance against which an immune response is desired 
or to a portion of the substance sufficient to 

20 produce or enhance an immune response in the 

individual for use in immunizing an individual 
against a subsequent infection by a pathogen, wherein 
the stress protein is in sufficient quantity to 
produce an immune response sufficient to protect the 

25 individual against subsequent infection by the 

pathogen. 

32. A composition for use as an agent to induce an immune 
response in an individual to whom it is administered, 
comprising all or a portion of a stress protein or 

30 all or a portion of a protein having an amino acid 

sequence sufficiently homologous to the amino acid 
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sequence of the stress protein to be capable of 
inducing an immune response in an individual to whom 
it is administered. 

33. A composition for use as an agent to induce an immune 
5 response in an individual to whom it is administered, 

comprising all or a portion of a stress protein or 
all or a portion of a protein having an amino acid 
sequence sufficiently homologous to the amino acid 
sequence of the stress protein conjugated to a 
10 substance against which an immune response is desired 

or to a portion of the substance sufficient to induce 
an immune response in the individual. 

34. A composition for use as an agent to induce an immune 
response in an individual to whom it is administered, 

is comprising a recombinant fusion protein which 

includes a) all or a portion of a stress protein or 
all or a portion of a protein having an amino acid 
sequence sufficiently homologous to the amino acid 
sequence of the stress protein and b) a substance 

20 against which an immune response is desired or a 

portion of the substance sufficient to induce an 
immune response in the individual. 

35. A composition for use as an agent to induce immune 
tolerance, comprising a stress protein. 

25 36. A composition for use in treating an autoimmune 
disease, comprising all or a portion of a stress 
protein or all or a portion of a protein having an 
amino acid sequence sufficiently homologous to the 
amino acid sequence of the stress protein to induce 

30 immune tolerance in an individual to whom it is 

administered. 
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37. A composition of claim 36 for treating rheumatoid 
arthritis . 
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